Introduction {#sec1-1}
============

Sepsis in children is a significant cause of morbidity and mortality worldwide.\[[@ref1]\] The mortality rate of sepsis in children from pediatric intensive care unit (PICU) of developing countries is higher than 50%.\[[@ref2]\] World Health Organization statistics have shown that 80% of death in children \<4 years can be classified as sepsis-related deaths.\[[@ref3]\] Assessment of severity of illness at admission is important for effective patient management, prognostication, and optimum utilization of resources.\[[@ref4]\] Patient\'s outcome in PICU of developing country is affected by not only by clinical diagnosis at admission but also by demographic characteristics of the population, available infrastructure, and admission policies of PICU.

Simple interventions such as early rapid fluid administration, early antibiotics therapy, oxygen supplementation, and early use of inotropes through peripheral intravenous access have shown to improve the outcome of pediatric sepsis.\[[@ref5]\] Although sepsis is one of the leading cause of mortality in hospitalized patients, information regarding predictive factors for mortality and morbidity are limited, especially in developing countries.\[[@ref6][@ref7][@ref8][@ref9][@ref10]\] Hence, the present prospective study was designed to assess the predictors of mortality among septic patients admitted to PICU in India.

Methods {#sec1-2}
=======

This study was a prospective observational study conducted in PICU of a tertiary care government sponsored teaching hospital in Rohtak District, Haryana, India. The patients were recruited from November 2012 to February 2013. The patients seeking treatment in this hospital belong to the urban area of city and surrounding rural districts of Haryana.

The PICU is eight bedded closed unit with two junior resident doctors, two senior resident doctors, two consultants along with nine nursing staff. The patient care is delivered by pediatric residents under supervision of attending consultants who are board certified in pediatric critical care medicine. There are on an average yearly more than 430 admissions in our PICU.
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### Study participants {#sec3-1}

All children aged 1 month to 14 years admitted to PICU who met definition of pediatric sepsis guidelines (2010) for diagnosis of sepsis, severe sepsis, or septic shock were enrolled consecutively in the study.\[[@ref11]\] Children who had PICU stay of \<6 h, trauma patients, surgical patients, patients transferred from other center were excluded from the study. Children who left against medical advice whose final outcome could not be ascertained were also excluded. An informed consent was obtained from the parents, and institutional ethical permission was obtained.

### Baseline clinical data {#sec3-2}

Detailed history of presenting complaints with duration was elicited. The baseline demographic and clinical data were recorded: Age, gender, diagnosis at PICU transfer, type of admission (emergency or elective). Anthropometric parameters were obtained at the time of admission. Laboratory parameters including hemoglobin, total leukocyte count, differential leukocyte count, serum C-reactive protein, blood urea, serum creatinine, prothrombin time, partial thromboplastin time with international normalized ratio, serum lactate, blood pH, serum bicarbonate, arterial oxygen (PaO~2~ ), and carbon dioxide content (PaCO~2~ ) were obtained. Blood cultures were collected prior to initiation of antibiotics. In addition, culture of urine, cerebrospinal fluid and tip of the endotracheal tube were also obtained. Culture proven sepsis was defined as one or more positive blood culture. Pediatric Risk of Mortality III (PRISM III) scoring and number of organ dysfunction was recorded in all enrolled patients.

### Follow-up {#sec3-3}

At the time of discharge/death following data was recorded: Duration of PICU stay, duration of mechanical ventilation, number, and duration of inotropes required. The final outcome was recorded in terms of "survivor" and "nonsurvivor" at the time of discharge from PICU.

### Management {#sec3-4}

The therapeutic interventions were started from the time diagnosis was suspected and included early aggressive fluid resuscitation, early administration of empiric antibiotics, oxygen supplementation, and early infusion of inotropic agent. A central venous line was inserted among all children admitted with septic shock in pediatric intensive care. All patients were managed as per standard clinical guidelines for management of sepsis in children.\[[@ref11]\] The management includes placement of central venous catheter, appropriate fluid resuscitation, use of inotropes, empirical antibiotics, and blood component transfusion.

### Analysis {#sec3-5}

Data were entered into Microsoft Excel sheets by two investigators (GK and JSK) and any inconsistency was cross checked with original data. The data were analyzed using SPSS Version 15.0, Chicago, SPSS Inc. Categorical variables were expressed as proportions and continuous variables as mean (standard deviation \[SD\]) or median (interquartile range \[IQR\]). All quantitative variables (between the groups of survivors and nonsurvivors) were compared by unpaired *t*-test; categorical variables were compared by Chi-square test or Fisher\'s exact test. Nonparametric tests were adopted for the skewed distribution. *P* \< 0.05 was considered as significant. Multivariate logistic regressions were used to model the independent predictors of mortality (nonsurvivors) among children with sepsis.

Results {#sec1-3}
=======

Clinical details of 50 patients were finally analyzed (60 patients enrolled; 6 expired within 2 h of PICU admission; 4 refused consent). Of the 50 patients (30 males {60%}) enrolled, 21 (42%) survived, and 29 (58%) expired (nonsurvivors). The median (IQR) age (in months) of enrolled patients was comparable among the nonsurvivors (27 {6, 64.5}) and survivors (11 {5, 37.5}) (*P* = 0.26) \[[Table 1](#T1){ref-type="table"}\].

###### 

Depicting baseline demographic and clinical characteristics of nonsurvivors and survivors among patients with sepsis
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Following clinical features were observed among the enrolled septic children: Respiratory distress (42%), shock (30%), worsening sensorium with refractory status epilepticus (12%), acute kidney injury (2%), and congestive heart failure (4%) and rest 10% had a combination of them. They required larger number of fluid boluses (*P* = 0.007), prolonged inotropic support (*P* = 0.001), and need of steroids (*P* \< 0.001) \[[Table 1](#T1){ref-type="table"}\].

All patients enrolled had systemic inflammatory response syndrome, but severe sepsis, septic shock, and the number of organ dysfunctions was more with nonsurvivor group (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\]. The mean (SD) PRISM score was significantly higher among nonsurvivors (19.69 {8.19}) as compared with survivors (7.90 {8.32}) (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\]. Similarly, nonsurvivors had significantly more number of organ dysfunction (3.76 {1.215} and 1.71 {1.309}) (*P* \< 0.001) \[[Table 2](#T2){ref-type="table"}\]. However, multivariate logistic regression revealed that mortality is not significantly predicted by age (odds ratio \[OR\] \[95% confidence interval \[CI\]\]: 0.96 \[0.91-1.01\], *P* = 0.17), duration of PICU stay (OR {95% CI}: 1.18 \[0.99-1.25\], *P* = 0.054), time lag to PICU transfer (OR \[95% CI\]: 1.02 {0.93-1.12\], *P* = 0.63), PRISM score at admission (OR \[95% CI\]: 0.71 {0.47-1.04}, *P* = 0.07) and number of organ dysfunction (OR \[95% CI\]: 0.03 \[0.01-1.53\], *P* = 0.08).

###### 

Depicting clinical characteristics of nonsurvivors and survivors during PICU stay
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Discussion {#sec1-4}
==========

This study revealed that factors including the time lag to PICU transfer, duration of PICU stay, presence of multiorgan dysfunction and PRISM score at admission did not independently affect the mortality among children with sepsis. Prediction of patient outcome at admission to PICU is essential not only for counseling parents about the expected outcome, but also for the optimum utilization of limited resources. There are limited studies analyzing the outcome of children with sepsis based on admission criteria.\[[@ref6][@ref8]\] The present prospective study provides further insight on the predictors of outcome of pediatric sepsis in a PICU setting of a developing country.

Pediatric Risk of Mortality scoring is a reliable prognostic marker for prediction of mortality in children admitted to PICU. The scoring system is adopted in many Indian PICU settings irrespective of diagnosis at admission. However, studies have raised the concern of poor validity of the scoring in children with sepsis from developing country.\[[@ref7]\] Utility of scoring system at admission for prediction of the final outcome in a disease is also determined by natural course of the disease. There are a large number of pediatric illnesses, which have slow progressive deterioration, and hence possibly the mortality in such illnesses is under predicted by lower PRISM scores at admission. However, sepsis in children is rapidly progressive illness and scoring at the time of admission could well-predict the final outcome. We observed a higher PRISM scoring among the nonsurvivors, but failed to independently predict the mortality. These finding are consistent with previous studies from Delhi.\[[@ref7][@ref9]\]

Sepsis contributes to almost two-third of admission to PICU. We observed a mortality rate of 42%, consistent with previous studies (overall mortality 35%).\[[@ref7]\] There are a large number of factors that determine the outcome of children with sepsis in India. We believe some of them could be generated by delay in seeking medical attention, treatment by local quacks, use of irrational combinations of antibiotics and routine use of steroids by few untrained local practitioners. These findings are reinforced by our observation of higher PRISM score at admission and shorter duration of stay in PICU among the nonsurvivors. Moreover, six children in our study had expired within 2 h of PICU admission, depicting severity of illness at admission and hence a poor outcome of patients despite the best of management.

Management of sepsis in PICU setting would largely depend on infrastructure availability, presence of committed staff, patient to doctor and patient to staff nurse ratio. This could probably influence differing outcome of patients admitted to government centers in comparison to those of corporate hospitals in India. Moreover, majority of patient admission to our PICU were emergency medical indications. Surgical patients, elective preoperative and postoperative patients are managed at surgical ICUs, and the factors affecting the morbidity and mortality among surgical patients needs further exploration.

As anticipated, our study revealed that nonsurvivors had significantly marked derangement of renal, hepatic and coagulation profile; higher requirement of inotropes and the larger number of organ dysfunction, but none of them independently influenced the overall mortality. Similar observations have been reported by other authors from India and abroad.\[[@ref6][@ref8][@ref9][@ref12]\] In a study by Khilnani *et al*., it was observed that almost half of children who expired in tertiary care PICU had multiorgan dysfunction.\[[@ref13][@ref14]\] Although each one of parameters including the number of organ dysfunction, PRISM score, duration of PICU stay could influence final outcome; however, our study revealed that none of them could independently predict mortality among children with sepsis. Surprisingly, we did not find any significance of malnutrition to the final outcome in contrast to findings of others from India. This could probably generate from the fact that we defined malnutrition on basis of weight for age alone, rather than weight for height and height for age.

The major limitations of the study include small sample size and short duration of the study. Small sample size of 50 cases could additionally influence the utility of multivariate logistic regression using five variables. Hence, it is acknowledged that lack of association in our study could be due to small sample size. It has to be kept in mind that the clinical judgment of the severity of a disease process is subjective and is related to the experience and clinical ability of a physician. Strengths of our study include prospective data collection and true representation of Indian children with sepsis. This argument is proposed considering that our center is prime referral center for sick patients from surrounding districts of Haryana. The patient population caters to all strata of socioeconomic status and representation of both rural and urban districts of Haryana.

Conclusion {#sec1-5}
==========

Sepsis in Indian children is associated with high mortality. The multiorgan dysfunction syndrome, high PRISM score and need for multiple inotropes, deranged hematological and biochemical variables are important risk factors for mortality in combination although we are yet to identify a single independent predictor for overall mortality. However, larger multicenter prospective studies should be done on the basis of new sepsis definitions and clinical practice guidelines to evaluate the true burden and outcome of sepsis in the developing countries.
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